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Abstract: - Current mode circuits cover an important area of application like filters, neural networks and analog-digital 
conversion. Current mode circuits, because of their special structure, need appropriate methodology during design 
process. This paper is an overview of most common problems related with analog and mixed digital-analog converters 
and filters performed in a CMOS technology. Laboratory measurements of a current converter based on the principle of 
direct signal comparison have been presented. Application of the transconductance amplifiers in realization of lowpass 
active filters using transconductance building block has been also introduced. A direct conversion of passive RLC 
elements into their transconductance equivalent to create filter based on passive RLC prototype is applied. Very simple 
and effective design method and practical realization of switched current filters has been presented. An efficient 
laboratory station permits to obtain in a simply way precision characteristics of current mode circuits. 
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1   Introduction 
The design process of integrated circuits is focused on 
the following two main directions: to scale down the 
dimensions of the transistors, and to incorporate as many 
building blocks as possible in a single chip [1, 2, 3]. It 
means that modern CMOS technology requires low-
voltage power supply.  
    VLSI  techniques  usually  demand  high-performance 
converters, because digital circuits have to be 
interconnected to the real and in most cases analog 
world. As a consequence, almost every fully integrated 
system contains some specific mixed blocks. In many 
applications analog to digital converter remains the most 
important components of analog circuits. The design 
process of high performance converters is complicated 
and time consuming. The performance depends also no 
the process technology, therefore it is necessary to obtain 
a compromise between the precision, power consuming 
and the cost of the chip.  
    The design process based on a current-mode approach 
can be applied in standard CMOS technology. Analog 
integrated circuits can be divided in time continuous and 
sampled-date techniques. The most important 
representation of the first group makes the operational 
transconductance amplifiers (OTA) working in several 
hundreds of MHz frequency ranges. Unfortunately, the 
precision of these circuits is relatively low (tenth of 
percents). and often an additional tuning system is 
necessary.  
In the sampled-date group switched-current circuits are 
the most important, because technique requires only a 
standard digital CMOS process. Such circuits use MOS 
transistors as storage elements to provide analog 
memory capability. Using current mirror principles, a 
voltage is sampled onto the gate of MOS transistor and 
held on its gate capacitance. The basic idea of the current 
mode citcuits will be discussed taking into account low 
pass filters. 
 
 
2   Current Mode Approach  
Current mode realizations of analog components permit 
to decrease chip area significantly. As the most 
important analog realizations we can mention multiplier, 
analog-to-digital converter (linear and non-linear), 
current comparator and current amplifier. 
    Low-power, high-speed and low-voltage comparators 
are more and more needed for the increasing market of 
wireless devices, for instance cellular phones, global 
system for mobility and wireless local area networks. In 
many signal-processing applications the ability to 
compare two signals and confirm which is larger or 
smaller, is very important. Comparators are often used in 
nowadays microelectronics, therefore different structures 
can be applied according to given requirements.  
        A current comparator can be used in an analog-to-
digital converter. The idea of a converter is based on the 
principle of direct current signal comparison applying the series structure approach. Fig. 1 shows the 
microphotograph of such converter. 
 
 
 
Fig. 1. Microphotograph of 4-bit analog-to-digital 
converter 
 
Low-power, high-speed and low-voltage comparators are 
more and more needed for the increasing market of 
wireless devices, for instance cellular phones, global 
system for mobility and wireless local area networks. In 
many signal-processing applications the ability to 
compare two signals and confirm which is larger or 
smaller, is very important. Comparators are often used in 
nowadays microelectronics, therefore different structures 
can be applied according to given requirements.  
    Comparison of the different design methods permits to 
choose the best one with regard to the kind of 
technology in which the predictor should be integrated. 
Computer simulations indicate that the proposed blocks 
have simple structures and have low sensitivity to 
variations in technological parameters. 
 
 
3   Transconductance Filters  
Lets take as an example continuous time analog filter. 
Using transconductors we can build active resistors, 
inductors and integrators as components of an active 
filter. The filter is designed based on the passive RLC 
prototype presented in Fig. 2. 
 
 
 
Fig. 2. RLC prototype of lowpass filter 
The current mode filter was designed as an active 
lowpass filter with 20MHz bandwidth based on the 
passive RLC prototype, using the following active 
blocks: transconductances resistors and inductors. RLC 
elements in passive filter are substituted by their 
transconductance equivalents. 
 
 
 
Fig. 3. Lowpass active filter 
 
The final schema of such filter is shown in Fig. 3. Spice 
simulation for 0.8µm CMOS technology has been also 
performed. The corresponding amplitude characteristics 
are presented in Fig. 4. As a transconductor we used 
standard circuit consisting 25 transistors (Fig. 5).  
 
a) 
 
b) 
 
 
Fig. 4. Frequency response of the filter: a - RLC 
prototype, b - active filter 
 
Characteristics of passive and active filters are different 
(see Fig. 4). Bandwidth of active filter is narrower than 
that of a passive one, because of imperfections of   
transconductance equivalents of passive RL elements in 
the active filter (3dB bandwidth is equal to 20MHz for 
RLC prototype and corresponding value for active filter 
is equal to 16MHz).  
 
Fig. 5. Transconductance amplifier 
 
 
4   Switched Current Filters  
Switched current (SI) circuits can be easily 
manufactured in standard CMOS processes because both 
the first- and the second-generation SI circuits are 
composed of only CMOS transistors. Additional 
advantage is the simplicity of implementing various 
mathematical operations, such as summation, 
comparison, inversion and multiplication. Therefore, 
current mode techniques are commonly used in discrete-
time analog signal processing, neural networks, A/D and 
D/A conversion.  
    The  most  common  structures  used  in  current-mode 
circuits are current sources and current mirrors. In fact 
they are applied in almost every analog circuit and they 
are often only component of circuits. Quality of their 
design is a factor deciding of properties of the system 
consisting of such circuits. It is known that current 
mirrors are non-ideal elements, therefore simple static 
current mirrors are not suitable for high-quality 
processing. Their main drawback is a difference between 
drain-source voltages of input and output transistors 
caused by a drain-gate connection of input transistor 
[5, 6]. It results in a difference between input and output 
current in spite of equal gate-source voltages. This non-
ideality can be significantly reduced by using 
sophisticated mirrors like Wilson mirror, cascode mirror 
or regulated cascode mirror. 
    Other way to avoid this problem is to use dynamic 
current mirrors. The problem of different drain-source 
voltages simply does not exist for such structure [6]. 
Unfortunately, another effect causes a non-ideal 
operation of both static and dynamic current mirrors. It 
is a swing of output transistor drain potential, which 
results in channel length modulation. It is caused by 
limited value of output impedance of current and 
behavior of stage connected to such mirror’s output, like 
next current mirror, which modifies output current of the 
mirror despite constant gate-source voltage. That effect 
can be also minimised by using sophisticated current 
mirrors in order to achieve very high value of theirs 
output impedance [6, 7] (see Fig. 6).  
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Fig. 6. Cascode dynamic current mirror (a) and regulated 
cascode dynamic current mirror (b) 
 
The basic building block of the proposed filter contains 
an inverting integrator. Afterwards, the designed 
building block has been used as biquadrat sections of 
different filters. The regulated cascode has been used in 
above structures to ensure high fidelity of current 
mirrors. Because the circuit has to be as small as 
possible, and to achieve reasonable clock feedthrough 
reduction, specially optimised switches containing 
CMOS transmission gates have been used [5]. 
        Taking into account the above remarks, a bank of 
switched current filters has been designed and performed 
in CMOS technology. 
 
 
 
Fig. 7. Amplitude characteristics of switched current 
filter for different clock frequencies 
 
A switched current circuit laboratory stand has been also 
designed and realized for switched current integrated 
prototypes. Very specific structure of such circuits, 
which contains IIF filters and a set of function cells, 
required special interface card to be designed. Interface 
card works as a comprehensive measuring environment 
supplying examined circuits with sufficient set of 
steering signals and voltages, clock signals, and input-
output management.          Moreover, it provides access to voltages in most 
crucial points of card to enable remote measurements. 
Interface card has modular structure. It contains input-
output connector section, measurement settings 
management section, input signal conversion section, 
output signal conversion section, input-output set choice 
section and clock signal set generation section. Although 
the interface card can be managed manually, it is 
equipped with EPP mode parallel port to enable 
automated control, e.g. using computer.  
    The preliminary test of a laboratory stand containing 
this interface card, confirm high flexibility and precise 
measurements of CMOS current mode circuits. 
    As an example, laboratory measurements of lowpass 
switched current filter has been performed. Fig. 7 shows 
a family of frequency characteristics of the same filter 
for different clock frequencies. Time domain output of 
the filter is presented in Fig. 8. The input current (sine 
wave excitation) and all clock signals have been 
produced using our interface card. The card contains also 
current-voltage converters, so we can register output 
currents as voltage signals. 
 
 
 
Fig. 8. Time domain output waveform of switched 
current filter 
 
 
5   Conclusions 
Several of mentioned circuits have been performed as 
CMOS integrated circuits using AMS technology. As an 
example, a layout of current mode blocks is presented in 
Fig. 9. 
    Application of transconductance amplifiers in active 
filter realization generated on the basis of passive RLC 
filter permits to obtain high frequency structres. 
Transconductor possibilities are very high, because its 
bandwidth is wide for high output current, i.e. low load 
impedance.  
      The prototypes contain high precision CMOS 
integrated filters with low sensitivity to technological 
mismatches. The proposed laboratory stand permits to 
obtain accurate current measurements for such circuits. 
 
A/D
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Fig. 9. Layout of current mode standard blocks: 
transconductance amplifier and analog-to-digital 
converter 
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